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Abstract

If the weak boaons W* and Z were manifestations of a composite structure of the weak interac-
tions rather than the commonly assumed gauge bosons of a fundamental gauge symmetry one is
naturally led to expect a corresponding spectrum of other new weak vector bosons such as weak
isoscalars. Experiments at the LHC are of great value in establishing the true nature of the weak
interactions.

The Glashow-Weinberg-Salam model[l] constitutes a first coherent picture of electroweak
interactions and the discovery of the W+ and Z bosons at the CERN pg collider|2] have greatly
strengthened the belief that this model may be a true description of the electroweak phenomena.
However, important features of the standard picture are completely untested by experiment so
far — just think of the open question of the self-couplings of the gauge bosons or of the Higgs
sector, For future testing of the standard picture it is therefore of greatest importance to consider
realistic alternatives and clearly isolate the standard predictions among the multitude of other
models. A composite structure of the weak interactions([3] is an attractive alternative where
it is most natural that one predicts new isoscalar partners Y (Yr) of the isovector W* and Z
bosons [4,5] which are either coupled to the weak hypercharge current, or its lefthanded part.

In the following we will discuss the impact of Y (Y.) on experiments at the LHC[8] . The
weak isospin SU(2)w ; symmetry is taken to be a global symmetry of the underlying preon model
in the limit of a vanishing electromagnetic coupling constant ¢ = v/47xe. In addition in this limit
there is a global I7 (1) invariance related to the weak hypercharge. One can imagine this symmetry
to be either active in the left-handed sector only (yL = @ — T3) similar to the isospin symmetry
(case with a Yz-boson) or in the right- and left-handed (yr, as above, yr = @) sector (case with
& Y-boson). For a # 0 all this is modified by the mixing of the Y {Y.) and the isovector W3 with
the photon (5] . The couplings obtained by saturating the electromagnetic form factors by massive
vector bosons (W3- and Y (Y )-dominance(5] ) and after performing a diagonalization to mass

eigenstates are summarized in the appendix. They have some interesting properties especially
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for the Yz, where the vector and axial vector coupling constants Vy'“ and Ay“._) (see Eqs. (A11)
and (A12) in the appendix) exhibit a strong sensitivity to the 4¥{,) mixing parameter Ay (7]
which is related to the YW3 mixing strength Aw = sinfw and the W(Y(1))f f-fermion coupling
constant gw(y) by gw Aw = gr Ay = e. One finds:

a) For small values of A} (corresponding to a large gy ) the couplings are almost exclusively
such as if there were no mixing with the photon, hence Vy ~ (e/Ay) (2@ — T3} , Ay =
(e/Ay) Ts and Vy, = —Ay, = (e/Ay) (@ — T’]'

b) For large values of A} (corresponding to a small gy} the ¥ behaves distinctly different
from the ¥7. The Y couplings get very amall which leadsa to an almost decoupling from the
fermions in this limit. The Yt couplings, however, are not small and Y7z couples practically
in a purely right-handed way to the fermions carrying electric charge.

¢) The region of intermediate A% is characterized by a set of zeros in the vector and axial
vector couplings of the ¥y, whereas the ¥ couplings smoothly interpolate between the
values of a) and b). The vector coupling Vy, disappears for leptons when (My: Y(YL)-
mass; mw: W-mass)

1- AR )IMP — miy

M (Vy, =0,68) = 263 — 0.
y(Vv, =0,£%) SMZ — v, 0.263 — 0.264 (1)
for up-type quarks UV when
— \2 2 _ 2
Ay(Vy, =0,U) = (L= A)My —my 158 - 0.162 . (2)

5M32 ~ 8m¥,
and the axial coupling Ay, does so for down-type quarks D at

1m$,

M (Ay, =0,D) = %(1—A€V)—§M—§ rs 0.238 — 0.263 . (3)

This pattern of couplings can be easily found again in the dependence of production cross
sections etc. on the parameter A3. We should shortly dwell on the decay properties of the ¥
and Yz, Naturally one has all the possible decays into fermion-antifermion pairs with strengths
reflecting the various couplings. It seems especially notable that compared to Z decays in this case
the et e~ mode has a quite large branching ratio B{e*e~) of roughly 12 % for the Yz throughout
the whole permissable range and for the Y for most of it {3} < 0.5) dropping sharply towards
bigger AZ values. This property will facilitate discovery in hadron colliders. Through the mixing
of photon and Y(Y.) and W3 respectively the decay channel Y(Yy) — W+W— opens up|7}
whose strength increases for the Y for values of A3 > 0.5 whereas the Y, has only a small
branching ratio into W+W = for all A3 (roughly 1 —2 %).



In discussing the production cross sections we use the narrow width Drell-Yan approximation
with [8]

o(Y(Ye)) =

col i

a,b

% (Zrmm —wb)r"'f:") (4)

where 7 = M2 /s , dLas/dr is the parton luminosity and a, b are the parton species.

Folding in the branching ratio B{e*e~) we compare in Fig. 1 o - B(ete™) at a) constant
A3 = 0.2 and varying mass My and b) constant mass My = 500 GeV and varying A} for the
LHC collider and the now operational Tevatron facility using the parton densities set 1 of ref.
[9]. Other combinations of My and A3 produce similar but shifted curves. One finds that for
the LHC ¢ - B(e*e™) is larger than 1 pb for a wide range of My (< 0.8 TeV) and A% (< 0.5).
This bodes well for a discovery of such a particle at the LHC and only the question about
background remains. This question can be settled conclusively by remarking that the Drell-Yan
e*e~ background is roughly a factor 10* smaller and dileptons from b6 production are about a
factor 10% below the signal[7] . One should note that the trough-like shape of the YL curve in
Fig. 1b) reflects the zeros in Vy, and Ay, of the charged fermions while for the ¥ the decoupling
for large A% is clearly reflected.

The V'a and A’s influence yet another quantity, namely the forward-backward asymmetry
Arp(y) of the emitted leptons in the boson rest frame[10] :

Aro) = T30 )
with
1 4]
F(y) £ Bly) = | f + [ PR Y(YLd):df s "
0 -1

where y is the Y(Y. ) rapidity and z is the cosine of the angle between lepton and beam direction in
the Y(YL) rest frame. For the LHC (pp) Arp(y) is antisymmetric with respect to y = 0 whereas
it would be symmetric for the Tevatron (pf). The asymmetry for the Y is almost independent
of A} rising to values £0.4 at y = tymqss = +1n(y/5/My), for very large A2 > 0.5 , however,
it becomnes smaller. The Y, asymmetry on the other hand is distinctly different. It is large at
small A3 due to the almost purely lefi-handed coupling and becomes small and of opposite sign
for intermediate A3 (~ 0.2) reflecting the zeros in the charged fermion couplings. At large A%
we again obtain big asymmetries because of the now almost right-handed couplings of Y. Thus
it may be difficult to separate & Yz of small mixing from such with large mixing parameter in

Ars(y)-



Finally, we mention the production of Y (¥.) in the W+W~ channel. Since the Y, ,WW
coupling is purely induced by 7¥{z) mixing (7] it is only relevant for larger A% values (> 0.30) and
even there suffers from the considerable q§ — W W~ standard model background and from a

large hadronic background which complicates the identification of W-pairs at hadron colliders{11]

Summarizing we want to give a strategy for identifying Y- or Y. -bosons at the LHC. First
of all, we should expect to see a "bump” in the eTe™ invariant mass distribution signalling
their existence. As such a *bump® would be non-specific — it could be any Z' or ¥* of strange
other quantum numbers, maybe, originating from all sorts of new physics like superstrings — it
is desirable to perform an analysis of the asymmetry Arpg(y) and of the W+W~ channel which
could allow further information on the mixing parameter A% in such a way that our model would
be totally specified. At the proposed LHC it should be possible to carry out such a program for
Y (YL)-masses up to 1 eV which includes the range expected for such particles. For comparison
the Tevatron can only detect an igoscalar boson of mass smaller than 400 GeV in which region,
however, one would hardly expect them to lie anyway on account of present low energy neutral
current data[12] . Thus the LHC is well suited to identify a possible deviation from our GWS
picture of the electroweak interactions.
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APPENDIX

Here we list the effective Lagrangian for the interactions of Y (Y7 )- and Z-bosons with fermion
and W-boson pairs after performing the diagonalization to mass eigenstates[12] . W2- and Y (VL)-
dominance is applied to the vector boson fermion coupling as well as to the self-interactions of
W, Z and Y (Y.).

In presence of an isoscalar vector boson Y or Yy, the effective Lagrangian for Z f f interactions
is given by [12]

- .1
Loy =20 [ I 50V7™ + A3 2) ] (41)
!



where in the Y-case

7 bz M3 -mé M3E-mi 3

vi=25 _ ™ o ay

z z Mg _m% Z

and in the ¥z -case

Yy =___E__ M‘% AY

A = M- 94z
Vi o=~ S (1= ™ )Q -4y

z bz Mz 2 )

(42)

(43)

(A4)

(45)

Q and T; are the electric charge and the third component of the weak isospin, repectively; mw

is the W-mass and bz, Mz and my are given below,

The ZWW interaction Lagrangian is{13] (V. = 8,V, —8.V,; V =W, Z,Y(1))

Leww = —lgzww [Z“"W,I"WJ —Z¥ (WHeW,, — WHW I',)]

with

2
e m,

FEWW = —7— ————z .
bz m% — M3

For the effective Lagrangian describing ¥ {¥z)ff interactions one obtains|7]
_
Lyaysr =Yz [Z: fr*5 Vg, + AY(LJ%”] :
!

The vector and axial vector coupling constants Vy,,, and Ay, of ¥ and ¥y, are

¢ M3 m? — mi
A Y WT,
Y= by MZ-m3 MZ-m3 °
Vy =28 ™ Q-4
y = Y
by M2 —mi
and
e M3
AYL=_EW__’;I_§:Q+AY1
e m$
VY‘,':—E-;:-(]. Mz—z—-)Q AY.

My is the Y (YL)-mass and by is given in Eq. (A19).

(48)

(A7)

(48)

(49)

(A410)

(A11)

(A12)



Finally, the Y (Yz)WW interaction Lagrangian reads|7]
Ly, ww = —igy,,ww [Y(E'SWJWJ - Y (WHW,, — W-“W:v)] (A13)

with
2
e miyy

—_— W Al4
by m’f,, —M?} ( )

Y, WW =

Since the self-interactions of W, Z and Y (YL} are, in the limit of vanishing 4Y¥{z) mixing, of
massive Yang-Mills type if W3- and Y (Y.)-dominance is applied, gv,,,ww — 0 for Ay — 0.

The Z-mass Mz is given by |7]

ME= e TY (A15)
21N M2
where
2

2 ﬁ -1 Al8

plays the role of sin® 0w and

M2 — m2

m3 = M2 (1 - )3 4 Lid Al7
Y Y( Y(I—A%)va‘-m?v) ( ]

is the unobservable "bare” mass of the Y (¥z)-boson. Since m% > 0, the v¥{,) mixing strength
A% is bounded from above by

MB
Y <1-A ~0.7T. (A18)

M- Y
v =1-dw M?,—mw

The coefficients b;, 1= Z,Y are

4
2 1_ 32 _ 12 2 M
R A A A ey T

my
(m§ — MZ)?

+22 (A19)
For A — 0 and My — oo the Z-boson mass and coupling constants approach their standard
mode! values. For a more detailed discussion of the couplings of Z and ¥ (Y.} to fermions and
W -bosons we refer the reader to refs. (7], (12| and [13].
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Fig. 1: The production cross section times leptonic branching ratio, o+ B{ete™)
a) versus My for A3 = 0.2

b} versus A2 for My = 500 GeV.

The curves are given for the LHC pp and the Tevatron pg version (denoted by ”Tev.”) for
comparison respectively. Solid (dashed) lines correspond to Y'(¥7).



